Objective: To evaluate the feasibility and usefulness of the Cheatham platinum (CP) stent in a broad spectrum of lesions. Methods: Retrospective analysis of 60 implanted CP stents (11-80 mm lengths, 12 covered) between September 2001 and March 2004. Patients: 53 patients aged 2.5-68 years (median 17 years). Body weight ranged from 12-95 kg (median 52 kg). Thirty six patients had aortic (re)coarctation; seven of them had functionally interrupted aortic arches. Thirteen patients had pulmonary artery stenosis and four had stenosis of caval veins or conduits in a total cavopulmonary connection (TCPC). Results: Arterial pressure gradients dropped from 33 mm Hg (range 20-80 mm Hg) to 5 mm Hg (range 0-10 mm Hg) and pressure gradients in TCPC or caval veins dropped from 4 mm Hg (range 4-20 mm Hg) to 0 mm Hg (range 0-3 mm Hg). All stents were placed in the target lesion without complications. Three stent fractures without clinical instability were noted. Conclusions: The CP stent is suitable for the treatment of vessel stenosis in congenital heart diseases from childhood to adulthood. Whether these good results will be stable in the long term needs to be investigated.
S
tent implantation for the treatment of vessel stenosis in congenital heart diseases is a field of increasing importance in transcatheterisation. However, only a few stents are available that can be dilated to large diameters of 20 mm or beyond. The Cheatham platinum (CP) stent (NuMED Inc, Hopkinton, New York, USA) is especially designed for the treatment of vascular obstructions associated with congenital heart diseases. 25 It has achieved certification for the European market (CE mark) and is now commercially available. We report our experience with this stent gathered in a preliminary study.
PATIENTS AND METHODS

Patients
Between September 2001 and March 2004, 60 CP stents were implanted in 53 patients at our institution. Patients' ages ranged from 2.5-68 years (median 17 years). Body weight ranged from 12-95 kg (median 52 kg).
Thirty six patients had coarctation or recoarctation of the aorta. Seven of them had functionally interrupted aortic arches. Thirteen patients had pulmonary artery stenosis and three patients had stenosis of the caval veins or the conduit in a total cavopulmonary connection (TCPC). In one patient, a connection through an extracardiac polytetrafluoroethylene (PTFE) conduit into the right atrium was created as a partial take down of a total cavopulmonary anastomosis. Table 1 lists detailed demographic data and diagnoses.
Stent
In contrast to the majority of balloon expandable stents, which are cut by laser from a metal tube, the CP stent is manufactured from wire of a platinum-iridium alloy. The wire is bent and welded to a cylindrical meshwork, forming the stent. All stents used in this study were so called ''8 zig'' stents-that is, eight diamond shaped meshes form the circumference. In the unexpanded state one mesh is 11 mm long; thus, the shortest stent is 11 mm long. By welding further segments together in longitudinal direction, the stent can be manufactured to every desired length in increments of 6 mm. The recommended minimum dilated diameter is 8 mm and the maximum diameter is 24 mm accompanied by a foreshortening of 20%. However, dilatation to larger diameters is possible. For more detailed information see Cheatham 2001 . 25 From December 2002 onwards, the stent was produced with reinforced gold brazes.
Every stent is available with an expanded PTFE membrane, which is attached to the outer side of the stent.
Stent implantation
The study was approved by the locally appointed ethics committee and, before stent implantation, informed consent was received from the patients or their parents. A diagnostic catheterisation was performed to determine the exact morphology and the pressure gradient of the stenosis. In aortic coarctations and pulmonary artery stenosis a systolic pressure gradient of 20 mm Hg or more was considered an indication for stent implantation. In the systemic veins and a TCPC circulation, a residual pressure gradient of 4 mm Hg after an attempt at balloon dilatation was the criterion for stent placement. In two patients with a TCPC, a stent was implanted to improve blood flow in the presence of a morphological stenosis.
To enable exact stent placement, all interventions were performed through a long sheath. The access site was the femoral artery for coarctations and femoral veins for the remaining stenoses. One stent was placed through the internal jugular vein because of thrombosis of the femoral veins, and one stent was implanted into a coarctation through the femoral vein and a ventricular septal defect because of bilateral thrombosis of the iliac arteries. In patients with coarctation and a body weight of more than 25 kg, a single stitch suture device was applied to the femoral artery (6 French; The Closure, Perclose, Redwood City, California, USA). Before insertion of the larger implantation sheath, the device was placed, leaving the knot open until the long sheath was definitively removed at the end of the procedure. The CP stent requires a 2 French larger sheath than is necessary for the dilatation balloon and, in the case of a PTFE covered stent, a 3 French larger sheath is needed. The stents were crimped on an appropriate balloon, either manually or in the case of low profile balloons (5-7 French) with a crimping device (Qualimed, Winsen/Luhe, Germany). After advancement of the mounted stent to the stenotic vessel through the sheath, manual injection of dye through the sheath or angiographies by means of a separate access confirmed the desired position of the stent immediately before implantation. In cases of severe stenosis the procedure was performed in two steps with the definitive dilatation six months later.
All patients received heparin 100 IU/kg body weight before the intervention and 400 IU/kg body weight/day for the next 48 hours. Aspirin (2-3 mg/kg body weight/day) was recommended for six months. Patients with a TCPC received warfarin to an international normalised ratio (INR) between 2 and 3 as they had before the intervention.
Follow up
The postinterventional survey was undertaken by clinical evaluation, non-invasive blood pressure measurements, echocardiography, computed tomography, or repeat catheterisation. Special attention was directed to the femoral artery in children with coarctation and weighing less than 20 kg. Repeated duplex sonography of the groins was performed to document the integrity of the vessels at discharge and during follow up.
RESULTS
In total, 60 stents were implanted in 53 patients (table 1). In 15 patients the procedure was performed in two steps: first the stent was implanted with only moderate dilatation of the stenotic vessel segment ( fig 1B) ; then, after three to six months, the stent was definitively dilated (fig 1C) . Seven patients are awaiting the second dilatation. All stents were placed in the target lesions without stent dislocation during implantation or thereafter. Stent lengths ranged from 11-80 mm (figs 2 and 3). The dilated diameter was from 8-25 mm. In children shorter stents were implanted than in adults.
Coarctations and pulmonary arteries
Thirty seven stents were placed into coarctations (fig 4) : native coarctations (18), recoarctations after surgery (nine), after balloon dilatation (seven), or after stent implantation (three). The youngest patient was 2.5 years old and the lowest body weight was 12 kg. Eleven coarctations were treated with 12 covered stents (fig 1) because of the severity of the lesion (10), to the presence of an aneurysm (one) (fig 3) , or to a stent fracture (1). 26 In pulmonary arteries, three stents were placed in native lesions During the follow up period of 12 months (1-30 months) two patients died of unrelated causes. Twenty four patients underwent computed tomography or magnetic resonance imaging 4-12 weeks after stent implantation. No dissections or aneurysm formations were seen in any of these patients.
There were three stent fractures at the welds in this series, experienced in cases of severe stenosis with strong mechanical forces acting on the stent. All these stents were implanted before December 2002 and did not have reinforced welds. With the gold brazed stents no fractures have been detected so far in similar stenoses (fig 1) .
DISCUSSION
Treating vessel stenosis in adult patients with congenital heart defects by stent implantation requires the stents to have specific properties. Since most lesions occur in the great vessels, stents have to be dilated to large diameters and still have to provide stability and radial force. Of course, in children it is advantageous to use such a stent, dilated to smaller diameters, 2 4 14 25 providing the possibility of adapting the stent diameter by redilatation after somatic growth of the patient. Owing to the smaller anatomical size of children, however, the stent has to be available in a variety of shorter lengths, carrying the same potential of dilatability to larger Figure 4 (A) Subatretic aortic coarctation in a 3 year old child weighing 14 kg. (B) Balloon dilatation did not achieve sufficient pressure reduction, so that a 22 mm CP stent on a 10 mm balloon was implanted, which led to a reduction of the pressure gradient from 60 mm Hg to 5 mm Hg. diameters without extreme foreshortening. The CP stent offers these features, which will probably be important in 18 of the patients in this study who have body weights less than 40 kg and have not yet reached their final body height. The availability of the stent in individual lengths enabled us to provide even small children with 8 zig stents of short length (fig 4) . A variety of lengths is advantageous in adults, as we used stents from 22-80 mm.
Stents were redilated in eight patients, in each case as a planned second dilatation to yield the definitive diameter six months after implantation. These stents were redilated without any complications and with good results as was expected from the behaviour of other stents used in congenital heart disease.
27-31 Thus, we hope to obtain similar results after redilatation at a later stage when this becomes necessary in the paediatric patients because of their somatic growth.
The availability of the stent in a covered version, in our opinion, seems to be especially useful in very narrow stenotic vessels. The cover may provide the extremely stressed vessel area with an additional seal to avoid vessel dissection and bleeding. 26 Furthermore, it may offer a solution for the combination of stenosis and vessel aneurysm by stenting the stenosis and covering the aneurysm (fig 3) . Of course, the coverage of side branches has to be taken into consideration. In extreme coarctations the coverage may seal the orifices of collaterals that meet the descending aorta directly beneath the coarctation. We did not consider this disadvantageous as far as the stenosis is eliminated by the stent.
A disadvantage of the stent is the necessity of sheaths 2 French larger than the implantation balloon and even 3 French larger if the stent carries a PTFE cover. It is difficult to crimp the stent to smaller diameters than 8 to 9 French.
Although this may be of minor concern in a venous access site, it may be important in the case of the femoral arteries. In adults and children over 30 kg body weight, however, the use of a suture device before the introduction of the large implantation sheath has practically eliminated any problematic bleeding after the procedure. For small children no suitable suture device is available. Our benchmark in this study was 25 kg body weight. There was only one patient with a body weight below 30 kg (namely 28 kg), in whom we used the Perclose stitch. Whether 25 kg is a justified limit to the use of this device is beyond the scope of this study. To avoid damage at the arterial access site we were anxious to shorten the time the large sheath remained in the vessel as much as possible and to take special care after removal of the sheath. Well advised, minimal but effective manual compression was applied for several minutes and then the patient was observed closely with no compression for about one hour. A pressure dressing was then applied given that a good pulse was palpable at the feet. The duplex sonography at discharge and at follow up showed unrestricted flow (fig 7) in each of these patients.
Three stents were fractured at the welds in cases of very high mechanical stress. Two of them affected singular struts without any dislodgment or mechanical instability of the stent. These patients were followed up by fluoroscopy at regular time intervals. The third, covered stent broke completely within six months after implantation. A second covered stent with reinforced gold brazed welds was implanted in the first one and resolved the stenosis. The latest follow up after 16 months showed stable conditions. 26 We did not find any further fractures after the stents were manufactured with gold brazed welds beginning in December 2002, despite use of the stent in similar cases of high mechanical strain (fig 1) . Whether the new design will solve this problem, which has also been described for other stents, 32 33 will need to be elucidated in the future. After a rather short follow up period of 12 months (range 1-30 months), we have seen no signs of restenosis by intima proliferation in any of our patients. So far, no dissections and no aneurysms at the implantation site of any stent have occurred, even in patients with subatretic vessels. We hope that the as yet theoretical advantage of the atraumatic edges of the stent, the frequent use of a balloon in balloon system to avoid excessive flaring during implantation, the PTFE cover in very severe stenosis, and the two step procedure in these lesions will help to maintain these good results over time.
Of course, one may argue that in the majority of cases an alternative stent already available on the market could have been used equally well. However, we feel that the CP stent contributes a degree of predictability, safety, confidence, and comfort to the procedures if one stent family can be used in a large range of indications.
Owing to its maximum expandable diameter of 25 mm combined with its variability in length from 11-50 mm and more, the CP stent is suitable for the treatment of vessel stenosis in congenital heart diseases from childhood to adulthood. The option of a PTFE cover can be advantageous for the treatment of very severe stenosis. Whether stent fractures can be prevented by the new design with gold brazed welds, and whether the good results achieved with the CP stent in this study will be stable in the long term, need to be investigated in future follow up.
